Eimage (2) Lezl j ez2 where II, I+2, are integral functions that possess circular symmetry. The focused beam possesses two components: One component with the original polarization, and the original topological charge, and a second component with an opposite helicity, and a topological charge of 1+2. The topological charge of the beam is not conserved. However, /+ a is conserved for each of the components. This consideration leads to the conclusions that (a) when a beam with the opposite helicity is focused, the resulting wavefront comprises components with topological charges 1, 1-2, and that (b) when a beam with noncircular polarization is focused, the resulting wavefront comprises components with topological charges 1-2,1,1+2.
The formation of modes with different topological charges can be explained through the OHE. When the rays are bent by the lens, the degeneracy of the rays associated with the polarization is removed, and it is necessary to consider two sets of rays with opposite helicities. The spin of the rays with the original helicity is equal to the spin of the original rays, and therefore they do not undergo any shift. However, the spin of the rays with the orthogonal polarization is different from the spin of the original rays. Therefore, the conservation of angular momentum dictates that these rays must undergo a transverse shift. This shift leads to a phase modification (aberration) which is translated into a spiral phase.
To conclude, we have shown how the OHE influences the focal spot of a beam focused with a high NA lens. The introduction of components with different topological charges explains the anomalous bright centers reported when beam with topological charges of -2 < I < 2 are focused [6] . It also explains the elongated focal spot associated with linearly polarized beams (with 1=0). When such beams are focused two modes with topological charges ± 2, equal intensities, and opposite helicities are formed. The superposition of these modes creates the elongated focal spot. Thus the Debye approximation is a consequence of the OHE.
